Hot water extracts of coffee grinds and commercial instant coffee solutions have been shown to exhibit marked antiviral and virucidal activities against herpes simplex virus W\SH +69 6SHFLÀFDOO\ LW KDV EHHQ VKRZQ WKDW FDIIHLQH and N-methyl-pyridinium formate inhibit the multiplication of HSV-1 in HEp-2 cells. The present study examined the virological properties and the antiviral activity of caffeic acid against HSV-1. Caffeic acid inhibited the multiplication of HSV-1 in vitro ZKLOH FKORURJHQLF DFLG D FDIIHLF DFLG HVWHU ZLWK TXLQLF DFLG GLG QRW 7KHVH UHDJHQWV GLG QRW KDYH D GLUHFW virucidal effect. The one-step growth curve of HSV-1 showed that the addition of caffeic acid at 8 h post infection (h p.i.) did QRW VLJQLÀFDQWO\ DIIHFW WKH IRUPDWLRQ RI SURJHQ\ YLUXVHV $Q DQDO\VLV RI WKH LQÁXHQFH RI WKH WLPH RI FDIIHLF DFLG DGGLWLRQ revealed that addition at an early time post infection remarkably inhibited the formation of progeny infectious virus in the LQIHFWHG FHOOV EXW LWV DGGLWLRQ DIWHU K SL LH WKH WLPH RI WKH FRPSOHWLRQ RI YLUDO JHQRPH UHSOLFDWLRQ GLG QRW HIÀFLHQWO\ inhibit this process. These results indicate that caffeic acid inhibits HSV-1 multiplication mainly before the completion of YLUDO '1$ UHSOLFDWLRQ EXW QRW WKHUHDIWHU $OWKRXJK FDIIHLF DFLG VKRZHG VRPH F\WRWR[LFLW\ E\ SURORQJHG LQFXEDWLRQ WKH observed antiviral activity is likely not the secondary result of WKH F\WRWR[LF HIIHFW RI WKH UHDJHQW EHFDXVH WKH LQKLELWLRQ RI the virus multiplication was observed before appearance of the notable cytotoxicity.
Introduction
During the course of studies of the antiviral activities of various QDWXUDO (Fig. 1) and chlorogenic acid is one of the most widely consumed polyphenols abundant in many SODQWV VXFK DV FRIIHH IUXLWV YHJHWDEOHV DQG JUDLQV &DIIHLF acid has also been reported to have antioxidant activity (9).
Materials and methods
Cells and viruses. HEp-2 and Vero cells were grown in Eagle's minimum essential medium (MEM) containing 5% fetal ERYLQH VHUXP )%6 +69 VWUDLQ ) ZDV XVHG WKURXJKRXW WKH experiments. The virus was propagated in Vero cells in MEM VXSSOHPHQWHG ZLWK )%6 DQG VWRUHG DW Ý& XQWLO XVH 7KH amount of virus was measured by a plaque assay as previously described (10) .
Effect of the reagent on the virus yields. &DIIHLF DFLG TXLQLF DFLG and chlorogenic acid were obtained from Wako Chemicals. The reagent solution (1.0 M or 100 mM) was prepared by GLVVROYLQJ WKH UHDJHQWV LQ KRW ZDWHU DQG LWV DFLGLW\ ZDV QHXWUDOL]HG ZLWK 1 VRGLXP K\GUR[LGH VROXWLRQ IROORZHG E\ ÀOWUDWLRQ WKURXJK D 0LOOLSRUH ',0(; PHPEUDQH SRUH VL]H 0.22 μm).
Monolayered cells in 35 mm-dishes were infected with the virus at an indicated multiplicity of infection (MOI). The LQIHFWHG FHOOV ZHUH IXUWKHU LQFXEDWHG DW Ý& IRU WKH LQGLFDWHG period in the serum-free MEM containing 0.1% bovine serum albumin (BSA) and the indicated concentrations of the reagent. $W WKH LQGLFDWHG WLPH WKH LQIHFWHG FHOOV ZLWK WKH FXOWXUH medium were harvested and the amount of total progeny virus in the culture was determined as described previously (10) .
Determination of cytopathic effects and cell death. &RQÁXHQW PRQROD\HUV RI +(S FHOOV ZHUH LQFXEDWHG DW Ý& IRU K LQ serum-free MEM containing 0.1% BSA and the indicated concentrations of the reagent. The cytopathic effects (CPE) ZHUH GHWHUPLQHG E\ D PLFURVFRSLF REVHUYDWLRQ RI WKH FHOOV approximate amounts of rounded cells on monolayers were estimated under a phase-contrast microscope.
7R GHWHUPLQH WKH H[WHQW RI FHOO GHDWK WKH PRQROD\HUHG cells were trypsinized to obtain single cell suspensions. After the addition of MEM containing 5% FBS to the suspension to QHXWUDOL]H WKH WU\SVLQ DQG WR VWDELOL]H WKH FHOOV WKH QXPEHU RI live or dead cells was determined by a dye-exclusion method with trypan blue.
Results and Discussion
Effect of caffeic acid on the multiplication of HSV-1. Caffeic acid is a naturally occurring compound and is found in plants mainly as chlorogenic acid derived by conjugation with quinic acid. The effects of these caffeic acid-related compounds on the yield of HSV-1 when the virus was propagated in the presence of various concentrations of these reagents is shown in Fig. 2 
Effect of caffeic acid on the virus infectivity and cell viability.
To examine whether the decrease in the virus-yield in the presence of caffeic acid is a result of the potential virucidal HIIHFW RI WKH UHDJHQW D GLUHFW HIIHFW RI WKH UHDJHQW RQ WKH infectivity of HSV-1 was measured by incubating the virus in Dulbecco's phosphate-buffered saline (PBS) containing various concentrations of caffeic acid. The viral infectivity was not affected even by the incubation in PBS containing 40 mM of caffeic acid (Fig. 3 ). This concentration is much higher than that applied for the assay for the antiviral activity GHVFULEHG DERYH LQGLFDWLQJ WKDW WKDW WKHUH LV QR GLUHFW HIIHFW of caffeic acid on the infectivity of HSV-1.
The effect of caffeic acid on the viability of HEp-2 cells is shown in Fig. 4 . The cells were mock-infected or infected with +69 IROORZHG E\ LQFXEDWLRQ LQ VHUXPIUHH PHGLXP ZLWK RU without 5.0 mM caffeic acid. HEp-2 cells do not show any F\WRSDWKLF HIIHFW E\ WKH LQIHFWLRQ ZLWK +69 SUREDEO\ GXH WR )LJXUH 6WUXFWXUH RI FDIIHLF DFLG FKRORJHQLF DFLG DQG TXLQLF DFLG ,Q WKLV VWXG\ ZH VKRZHG WKDW FDIIHLF DFLG LQKLELWV WKH multiplication of HSV-1. This antiviral effect of caffeic acid is not due to a secondary result of either the direct inactivation RI WKH YLUXV YLUXFLGDO HIIHFW )LJ RU WKH F\WRWR[LFLW\ EXW LV PRUH OLNHO\ GXH WR WKH VSHFLÀF ELQGLQJ RI FDIIHLF DFLG WR WKH virus or molecules involved in viral replication. The results in )LJV DQG GHPRQVWUDWH WKDW FDIIHLF DFLG LQWHUIHUHV ZLWK WKH multiplication of HSV-1 before the completion of viral DNA UHSOLFDWLRQ SUREDEO\ DW WKH VWDJHV RI LPPHGLDWH HDUO\ RU HDUO\ gene expression in the HSV-1 multiplication. Caffeic acid has been reported to have the ability to bind to certain enzymes VXJJHVWLQJ WKDW LW PD\ LQKLELW FHUWDLQ SURWHLQV QHFHVVDU\ for virus-host interactions
